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Abstract 


Objfcrtvf—To assess the coDtributioa of passive 
exposure to tobacco smoke to the development of 
middle ear tmd^rpressure and eflPusion. 

IKertfii^Cross sectional observatioiial study. 

Sernn^^One third of the primary schools in 
Ediobuffh; 

Su^ecff—892 Childma aged 8*^ to 7^ trete 
examined, and satisfactory tympanograms were 
obtained in 872; Results of assay of salivary eotiiiine 
concentrations were available for 770 children, and 
aatisfactory tympanograms were available for 736 of 
these. 


£iid poinr—Correlation of the prevalence of 
middle ear underpressure and effusion with concent 
trations of the n&arker of nicotine, cotiiiine, ,in the 
saliva of the children. 

Mtasurtmtnu and main rerv/xs—Middle car 
pressure iand compliance were measured in both cars 
by impedance tympanometry. Salivary cotinine 
concentrations were assayed by gas^Iiquid chromat* 
ography. Cotinine concentrations increased Itritfa the 
number of 

Mgher concditrati^ than chudm living 

Id rented housing had h^er coft^trations ffian 
J^bosc Mvu^ in housing owned 
There wasd trend towa^i 
■mbk finiu^ with mcfeasH^Pmnmlom^^ 
tibtt, the oddf^^ Jor n doalAti^ ^ the cotiidne 
conc en tr a tidilS^g 1-14 (95% confidimee tnierval 
1 *03 f b 1*27). After ad justment for the sex of the child I 
and Ihousihg tenure the odds ratio for a doubling of 
the ootininr concentration wasMS (1*00 to 1«28). 


Conclusitms^Tht reanits of this study me consis- 
arm with those of caacjCMtrol studies of childhen i 
m tendia g Ibr «a^op|eiim|^to,tdieve middle car 
DepaitmeBtorCoinmumty •fl»»»on. They^Indi^thOf^^ he 
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Introductioo 

Middle ear effusion (^iie ear) is die commonest 
reason for adhutting young children for an operation,' 
but little is known about its cause.' Case^ontrol 
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have shown an increased risk associated with the 
presence of smokers in the household)’^' paniculkrly in 
children who had been exposed to l^gh levels of 
tobacco nntdee:’ Criteria for referral and admission for 
middle ear effusion seem to be determined substancialiy 
by the **health culture'* of the family* and by local i 
clinical practice, which may in turn be affeaed by the 
availability of semces.' Thus the: interpreution of 
studies based on patients in hospital is complicated by 
selection bias, which may result in either a spurious 
reUiioD with parental smoking or an underestimate of a 
true effect. 

Five studies of children in the general popuhtion 
have reponed on the association between mi^e car 
effusion xnd passive exposure to smoke.*'*' Only 


Iversen n a/ found a significant association, and their 
resulu suggested that the risk associated with passive 
moking increased I with age.* If this is to it might 
explain the negative results of the other studies, which 
were based cm children aged less than 5 years old:*'*' 
Both middle ear effusion and exposure to tobacco 
tmdee can be measured objectively,. Since its introduc¬ 
tion some 20 years ago** impedance tympanometry' has 
been widely used as a diagnostic and screening tool in 
young children^ and its relation to fluid in the middle 
ear has been validated in patknu attending for myrin¬ 
gotomy. ** Cotinine, an important meubolsie of nico¬ 
tine, » the most suiuble marker to measure passive 
exposure to tobacco smoke. It is specific, has a half life 
of about 20 hours, and can be assayed in concen trations 
as low as O’57nmol/l (0^1 ng/ml) by gas-liquid chroma¬ 
tography.** Salivary concentrations of cotinine are 
roughly in proportion to thc»se in blood and have been 
used to measure exposure to enAironmental tobacco 
smoke in adults*' and adolescents.** 

We investigated the relation between exposure to 
smoke and middle ear disease in a sample population of 
7 year old schoolchildren who were participating in a 
survey of the effeas of the home emironmem on 
respiratory health.*’' 


Subjects and methods 

A sample of one in three primary* schools in 
Edinburgh was chosen at random, and the parents of 
all children in the third primary class (aged 6*4-7*;^ 
years in September 1986) were coDtaaedi by postal 
questionnaire. This asked about respiratory symptoms 
and housing conditions relating to the child; more 
details are reported I elsewhere.'* The current or latest 
occupation of the head of the household was coded to a 
social class according to the registrar general’s classifi¬ 
cation of occupations." Written parental I consent to 
ciinical tests was requested, and ethical approval for 
the study was obtain^ from Lothian Health Board and 
Lothian Regional Council’s education department. 

Clinical tests were performed at the schools during 
January to June under the supervisioD of DPS. Middle 
ear pressure and compliance, the volume of the ear 
cuial, and the relative gradient of the tympanoroetric 
curve were measured in both cars with a MicroUb 
Earscan configured for impedance measurements 
(Micro AudiometricSi Florida, United Sutes)j This 
ttses a probe tone of226 Hz at 85 db and sweeps from 
200 to *312 daPa at 100 daPa/s. The children were 
asked to swallow* a tip of water immediately before the 
measurement was made to ensure that patent eusuchian 
tubes would be ventilated. Table I shows the types of 
tympanograms, defined on the basis of the modification 
of Jerger’s origihal ciassification'* that was proposed 


TABie I—7ypn of'tjm p anofnmi inccflrdtfwf 


Type 

MMSdtenr 

pre»surri(e«Pit 

Gfodicni 

(W): 

lotcrpftution 

A 

20010 -f 9 9 

>10 

NorTnoli 

Cl 

- 10010-1999 

>10 

Mild uod^retsurc 

a 

- 20010-112 

>10 

Severe uaderptmure 

B 

No peak 

<10 

Middk car dTusKXi 
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and A^aiidaicd by Fiellau-Nikolajsen.’ To characterise 
each dtild the tympanogram obtained loo examination 
of the more abnormal ear was used in the analysis. 

The children were asked to oollea saliva in their 
mouths and to spit into a clean plastic container. A 
sample of at least 1 ml was frozen within eight hours 
after collection for assay of cotinine concentration by 
gas-liquid chromatography.^ Statistical lanal^*$e$ were 
performed by the sutistical analysis s>’st6m (SAS),**” 
and Ibgistic regression models were htted by the 
generalised Imear inieractitte modelling system 
(GLIM),* Tests for trend with one degree of freedom 
used! the procedure proposed by Mantel'^ and 
implemented for stratihed tabulations in the FREQ 
procedure in iSAS.* 


Results 

'The parents of 1095 diOdren were sent a question- 
wditt and 9411 (86%) consented to their child beinf 
examined dinkally; Twenty of these chilcken left 
school before the survey was carried out, and a further 
20 were included in pilot studies, Ofithe remaining 901 
eligible duldren, 892 (99%) were examined, md 
satisfactory tympanograms were obtained for one or 
both ears in 872, In 23 children results were obtained 
for only one ear, but these were included in the 
analysis. 

Table lli shows the rebtion between findings on 
tympanometry and the sex of the child, social class, 
housing tenure, and number of smokers in the house¬ 
hold. There w*as no significant difference in middle ear 
pressure with sex or social class (when this was 
known), but the pres^^nce of middle ear effusion 
(type B tympanogram) was higher in girls and among 


children of unknown social class. There was a signi^ 
cant trend towards ibnonnal|liyigp|gpgnups^ m 
she. duldren-whose parents-weie ssiD^^ 
gwtyd<t^^.cffbs^ ywitb aumba^ 

ohdk^ln theiluwseMd^ for trend in proponk^ 
•4»i5, df*l, p<0*05^^cre was a sircar uend, 
which was of borddline significance (p^O OSl), 
associated with rented housing. 

The results of the salivary cotinine assay were 
available for 770 children (405 from non-smoking 
households, 243 from houKbolds with orx smoker, 
and 1124 from households with two or more smokers}j 
Table III shows the distributioDS of ulivary cotinine 
conoentration: in these three groups. A total of 109 
(27%) children from householdi with no smokers 
had concentrations below the limit of the assay 
(0 57 nmol/1), whereas only one diild from a houses 
hold with one or more smokers bad no detectable 
salj%mry cotinine. Six children, five of them from 
households with only one smoker, had concentrations 
>82 ninol/l, a suggested! cut oft point to distinguish 
between smoking and! non-smoking adults and 
idolesccnis.** These values were 93*lt 97*1, 106*2, 
119*3r 144^8, and 205*0 nmoi/li 

Tabk IV show's the reUtkm between cotinine concen¬ 
trations, sex of the children, and housing tenure within 
groups with similar numbers of smokers in the home. 


tAIUE tv^^Gaommif mten tahvofyeotinini tmuitmations^inmoVl) 

m 770 ckiUrm «itd 7 accwdnif srx of chiU, hourini Ufotrt, W 
nmkrr of mokm m kom o hol d . Kumhitn of cidUren me given in 
gmeniMeses 


TABU Prevalence (%) of lypes of ohnmmaluies on ^panomeiry of the mme ahwmal ear in 872 

ekddren ogei 7 ocemiing to $ex of child, ucioeconomu tiau, koksing tenure, and humher ofmokertin ; 
houukold. Sumhen of children me given m \parmhem 


Tenure of housing 

KboT 

0 «n»edl 

Xemed 

•BMhentD ' 
hotttehold 

Boyi 

GirU 

Boyi 

Girls 

0 

on my 

102 ( 161 ) 

3-01 i( 35 ) 

•- 63 ( 33 ) 

1 

St< 3 < 67 ) 

♦^ 531 ( 74 ) 

17 : 041 ( 58 ) 

25 - 95 . 47 ) 

»2 

isfsiat) 

17041 ( 33 ) 

21 . 47 ( 30 ) 

34 36 ; 33 ) 


Mid4k car presstm (daP«); 


too to-too 

-20010^)00 

-30010 - 200 

No peak 

r* 


(type A) 

(typeCl) 

(lypeQ) 

(«yi»B) 

Trend* 

Sex! 






Ctrlt 

63^1 (275) 

17-0(74) 

12-4(54) 

7-6(33) 


Bojri 

62:2(271) 

172(7$) 

9-4(41) 

1112(49) 

0:60 

Social clto of head of ibousdMld: 





11 

63 9(63) 

16-5(16) 

12-402) 

7:2(7) 


U 

63‘9 (145). 

14 5(33) 

l4-5!(33) 

7r|(16) 


niK 

63-4 (tot). 

21 4(37.) 

5-2i(9) 

11-009) 

0-00 

HIM 

65 2(lit) 

17 7(32) 

6.6(12) 

10 5(19) 


IV^’ 

62:9(66) 

14 3(15} 

17-11(11) 

5-7(6) 


Unkoovnt 

S2:|(47) 

11-0(16} 

12^4(111) 

16 9(15) 


Tcsurc^iboittiiig; 






Owned 

64-6(396): 

16 3(100) 

10i6(63) 

•♦5(523 


Rtmed 

57:«(iJ47) 

II 5(47) 

111(30) 

11 1(30) 

3-SO 

No of iBDokm is boutehold: 





0 

63-9(292) 

17-31(79); 

10-7(49) 

• 1(87) 


1 

63-3069) 

16 51(44) . 

109(29) 

9-4(25) 

3-97S 

»2 

$6-4(79) 

17 l|{24) 

I2il(l7) 

14-31(20). 


Frftha of laliweoaw (MMkl/l): 





<0 57 

64-1(70) 

15:707) 

U'OdS) 

7-4I(*) 


0-57- 

72-6(130} 

13-4(24) 

1-906} 

5*0(9) 


227- 

65-4(104} 

Z0h|(33} 

5*7(9) 

t-2i(13): 

741$ 

7»- 

61-0i(t9) 

17^(26) . 

6*9(10) 

14-41(21) 


>19-9 

5t-3(S4) 

167(24) 

U*5(ll) 

US(U} 



•Ski. 

t Head i«r houtefaoU >w« • Riidot^ fiBcsbcr ia« aroMd faroft, ar kad II 
oduded fraa tbe mm for liacar Dcaid. 
ip^CiOS: 1 fKO'Oi 
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No of Mgaoken is 


Salnwy enUBia 

eiCanioM) 


Miftimiim 

FtfOiOuaniJc 

Median 

Third 

auaitile 

Maximum: 

0(o»405) 

ND 

ND 

11 

23 

36 9 

Kb-241) 

KD 

45 

102 

227 

205 0 

n2(BPl24). 

2 3 

12$ 

25:0 

37*5 

97 1 

Tool (b-770) 

ND 

(h6 

4« 

16:5 

205-0 


NB - New>deu£ud(<0^S7teMl/I). 


* lhideiembkooeccmmMMwefrr«cordedas0 2lan»oI/I. 


In view of the skewed nature of the distributions for 
cotinine concenuations the table gives geometric mean 
values. For Ibgarithmic transformation uodetecuble 
concentrations were treated as 0* 28 nmoL/l. Female sex 
and rented housing were independently and consis¬ 
tently associaied with higher cotinine concentrations 
given the same number smokers in the householdi 
These effects were apparent even in non-smoking 
households, and the difference with sex was particularly 
pronounced among duldren from rented homes. 

Satisfactory tympanpgrams were obtained for736 of 
the 770 childirra fori whom we had data on salivary 
cotinine conoentradoDS. When cotinine concentrations 
were grouped in fifths of the distribution i there was 
a highly significant trend towards more abnormal 
tympanograms in the children with hi^er concentra¬ 
tions (table n)j In view of the associatioDs between 
cotinine concentrations and sex of the child and 
housing tenure ami the modest effect of these factors 
on the prtvaldtce of middle ear efifuuon the relation 
between salivary couhine concentrations and abnormal f 
tympanograms was analysed further by multiple logis¬ 
tic regression. Presence or absence of effusion (type B 
tympanognam) was treated as a dichotomous outcome 
variable. To investigate the form of the dose-response 
relation in more detail the data on cotinine concentra¬ 
tions were fitted as a continuous explinatoiy A'ariable. 
The logarithm of the cotinine concentration was found 
to give the best fit, its relation to the prevalence of rype 
B Tympanograms being close to linear on a logarithmic 
scale ^ for inclusion of quadratic term* 0 0000, df* 
1 ). 

In single fanor models the odds ratio for feziule sex 
was 1*53 (95% confidence interval 0*92 to L98), and 
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f<br rested housing it was 1*43 (0*84 Ito 2*42). The effect 
of; the logarithm of the cotinine concentration in a 
tingle factor model was tigniiicant df«l, 

p<0‘02}^ and the oddi ratio for a doubling of salivary 
cotinine concentration was 1*14 (1*03 to 1*27). In • 


^ 10 yjay outdoors or awayiifrom 

No difference with sex has^een 
found in older children.** 

The prevalence of abnormalities on tympanometry 
in this population of? year old children is consistent 


WUXUZWC UraVMiUSUVU 1 »V S mm* M** VW V* . 

iotntmodeliodudingaUthreclactoritheefifecttt^ with prcsious reports.*** Tympanometry was per* 
m)d lo^rithm of theootinine iobliodilintidb^r^^ formed only once, and many of the abnormalities 


little> but ifaete was an j^prcdable icdiictkm in the 
odds fitio te children hvmi^in^fca^ 
auggesting dtai passive exposure to loiolv accounted i 
Ibr much of djg^ect of tented housing in die single 
factor modelsvTbe adjusted odds ratios were 1*46 
(0^87 to 2*44} for female sex, 1 *03 (0^55 to 1 *91) for 
rented housing, and 1 * 13 (1 ^ to 1 *28) for a doubling: 
of salivary cotinise concentration. The effea of the 
logarithm of die cotmine concentration remained! 
tignihcani in the joint model (x^«4*14t df^ 1, p<0'05). 
Further adjusnnestfor parental social cli»s, number of 
people living in a room, gas cooking; and the presence 
of damp a^s in die home made no substantial 
difference to the coefficient for the logarithm of the 
coilnine concentration. 

The linear relation between the Idgarithm t^ the 
cotinine concentration and i the prevalence of middle 
ear effusion on a logit scale impli^ Ithat the prevalence 
odds were proportional to a power of the cotinine 
concentration, ^e power exponent being die coefficient 
(Ibgarithm of the odds ratio) for the logarithm (base e) 
of the cotinine concentration in die Idgistic model. 
The data suggested that the odds ratios for type B 
nmpanograms after adjustment for sex and housing 
tenure relative to children with tuidetcctable cotinine 
concentrations would be approximaiely 1*7 at 57 
Qmol/li(l ng/ml) and 2*3 at 28*4 nmol/1 (5 ng/ml). Thi^ 
cven ilow kvels of passive exposure tosmedee may hai^ 


detected, includingmiddle ear effusion, tend to resolve 
spontaneously.** This population survey probably 
included only a few oases of persistent disease in which 
an operation I would be indicated. The findings are 
therefore ooroplemeniiry to, rather than directly 
comparable with, case^ontrol studies of children 
admined to hospital.*^* They do, however, reUte to an 
age group dose to the peak ^ for admission for an 
operation for middle ear effusion.' 

Our results show a aignificanT idatioo between 
salivary ootiniae ooocentratiotts and disease of the 
middk ear, ,wliether a range of abnormal tymptiKh 
grams, or tympanograms with and without a i^finable 
peak (taken to indicate cfifuskm)iare considered. These 
associations were probably not due to bias because 
the measurements were objective and the laboratory 
analysts were blind to the tympanometric findings. 
Adjustment of the crude esrimates of the effect of 
sex and housing tenure on ootmine concentrations 
indicated some confounding by these faaors, but 
confounding by sodoenvironmental factors probably 
^d not persist in the final model! The coefheient for 
housing tenure in the joint model was small, and 
fuirther adjustment for social class and a range of more 
specific housing charaaeristics made Little difference 
to the results. 

Salivary cotinine coocentrations reUte only to passive 
exposure to smoke in the previous two or three days, 


(V Vv«vrua >V Wl uuvv 

substai^ effects on die prevaience of middle ear but Jarvis et c/reponed that over one year ooncentra- 


effusiofi. The mode! predicted that in a population of 
the same distributions of age, sex, and tenure in which 
all children had undetectable cotinine concentrations 
the prevalence of type B tympanograms would! be 
approximately 5*8%. As the oburved prevtleoce 
9*4% at least one third of the cases ^ middle 
effuskm io this aife group may have been attributable ^ 
passive smoking; 

Discussion 

We believe that this is the first study to repon 
biochemical dtu on passive exposure to smoke in 
primaiy sdu»l diDdn^ The age group chosen was 
young enough to exclude regular active smoking, but 
some cf the higher coDcencntiont of saUvary cotinine 
observed ^rere greater than could reasonably have been 
attributed to passive exposure. These high coocentra* 
tions may indicate experimenution with cigarettes, 
even at this early age. None of the six cfatldm with 
cotinine ooncentratsom above 82 ainol/l, however, had 
middle ear efiuikm Cfive had normal (type A) lympano- 
grams), so their inclusion in the analysii will h|yc 
tended to dmlniih any effects attributed to 
exposure to smoke rather than to generate a spurkM^ 
effect; 

Aiexpeaed,cotinme oonoentxatioiis wererebted to 
the number of smokers in the household, but equally 
striking was the variation with sex of the children and 
housing tenure within groups with the same numbers 
of smokers. Even among the children i fiom non- 
smoking households cotinine concentrations were 
higher in those living in rented accommodation. Hus 


tioDS in non-smoking adolescent girls was reasonably 
suble.* Neverthdess, variatioii in mqiosure fim week 
to week Emits the reliability of a tm^e mrasiireinem^ 
and the true association between passive smdring and 
middle ear effusion is therefore underestimated in our 
data.*' 

D^ielttion iMtwecn 

mkGS car efifiuiQo in'tMpramt snora^kdy 
m ft causal than due to eftnee, bias, or confounding 
Ckiots. The common mechanism in the development 
of serous otitismedia is oonsidded to be loss of patency 
of the eustachian tube, to which anatomical factors, 
impaired mucociliary function, and upper respiratoiy 
infection or allergy may contribute .”fmivc smokmg 
mayJoacase^^^mk ^ the e ust ac h ia n 

mucociliary 

Aiacdofi; hy caunog coi yi tion * of die toff ttssub of 
die aasophaiyiix;^^ pitdiqio^ peo^ to upper 
rc^intocy i^ec^^ Brause this was a study of the 
prei^ence of middle ear effusioDiwe cannot draw 
conclusions about whether exposure to smoke 
infiuences the tncideocc or the persistence of the 
disease. 

Concern has been expressed recently that the docu¬ 
mented risks of passive smoking have not included! 
middle car effusion.” In view of the imponrat bunkn 
00 the hedth tervice in^ioied by this diseate'^ODd 
itpichmt of itt loQg form effects' do Ifiiguistic and i 
coiiiiiivcdcv c topo icnt *auddte car efiusioo u children 
Aguld be regvdcd as jne. of, the moit [important 
' J»£udsaniribunbk toenvironsnentil lobacro smoke. 

AkuK'sii of saliin specimens was supported b>‘ grants from 


iuggestt that considerable exposure to smoke occun 
outsid^fthe home, which b strongly rdtmd m ac&l 
Vetoes. When tenufe and number of smokers were 
controlled for girls had higher salivary cotinine concen¬ 
trations than boys. Tlhis may reflm differences Jn 
cotinine meubolian or in acdvicy patterns, boys being 
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Abstract 

ObidCfitM—To tavestigate the rtlatioo between 
mortality and treated systolic and diastolic blood 
pressures. 

Odstgn—Randomised double blind placebo con* 
trolled trial. Mortality in the two treatment groups 
was examined in thirds of treated tystolic and 
diastolic blood pressures. 

Fnn'ena—339 And 352 patients allocated to 
placebo and active treatment, respectively. The 
groups were similar at randomisatioo ia sex ratio 
{10% women), mean age (71-5 years), blood pressure 
(182/101' mm Hg), and propoilion o( patients with 
cardiovascular complications (35%). 

Mgasuremmts wid main resmlta^ln the placebo 
group total mortality rose with increasing systolic 
pressure whereas it had a V shaped relatioa orith 
diastolic pressure, the total lowest mortality being in 
patients in the aaiiddle third of the distribution of 
diastolic pressure. In the group given active treat¬ 
ment total mortality showed a U shaped Elation with 
systolic pressufe and an inverse association with 
treated diastolic pressiirc. la both groups cardio¬ 
vascular and Don-cardiovascnlar mortality followed 
the same trends as total mortality. The increased 
mortality in the Idwest thirdi of ivessure oms not 
associated with aa increased proportioa of patients 
with cardiovascular complications at randomisation 
or with a faO in diastolic pressure exceeding the 
median fall in pressure in each group. In contrasty 
patienu in the Idwest thirds of pressure showed 
greater decreases in body weight and haeoioglobtn 
concentration: than those in the middle and upper: 
thirds of pressure. 


CoRc/iirtofu^ln patienu taking active treatment 
total mortality was increased in the lowest thirds of 
treated systolic and diastolic blood pressures. This 
increased mortality is not necessarily expUthed by 
an exaggerated redaction in pressure induced by 
dhigs as for diastolic pressure a U shaped relation i 
also existed during treatment with placcboi In addi¬ 
tion, patienu in the lowest thirds of systolic and 
diastolic pressures were characterised by decreases 
in body weiiht and! haemoglobini concentration, 
nnd the patienu in the lowest thirds of diastolic 
pressure takingactive treatment also by aa lincreased 
non-cardiovascttlar mortality, auggesting some 
deterioration of general health. 


Intradhction 

Scvcnl large studies of hypenensioD have recently 
been reviewed.*’The observation in these studies of a 
J shaped relation between the risk of myocardial 
infamira and treated blood pressure^ has lid to the 
suggestion that s i reduction cd’pressure induced I by 
^gs ought cause as well as prevent myocardial I 
tschaemia.^ *• ” Kone of the studies was placebo con¬ 
trol]^, and other large H>penension*inofitalir^’ inter¬ 
vention triali have cither not confinned” *' or not 
reponed ** this J shafwd relation. In the intemitional 
prospective primary prevention study in hypenension 
all patienis receiv^ active drugs but patients with 
oven ischaemic hetn disease were exeJud^d^; there 
was no evidence for a J curve. In contrast, Coope and 
U^amendtr found that total'monalir>Mnd deaths from 
myocardial infarction showed a J shaped relation with 
the diastolic pressure attained in elderly patients with 
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